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Introduction 
Living within a sustainable world is increasingly become worse and harder to achieve; immediate cooperation is required from 
grassroots communities to the uppermost international level. This cooperation is essential in creating a universal understanding 
that humankind is placing extreme pressure on Earth’s current control mechanisms. Sustainable living is one elementary notion 
contemporary society continues to be struggling with. It continues to clash between economic advancement, environmental 
awareness, societal pressures between rich and poor, pollution creation and population growth. It is unclear exactly what 
repercussions such extreme pressures will have on humankind, but undoubtedly negative environmental backlash and societal 
extremism are some ramifications. If nothing is done to fashion a more balanced sustainable planet serious unalterable affects 
will continue. To contest this issue, a massive contingent of communities, non-governmental organisations, international 
governmental agencies and the like work to influence and inform the greater global community that sustainability is a key aspect 
to our survival and to a better global standard of living. Key pieces to the sustainability puzzle include education, the act of 
understanding and defining what sustainability is; restoration, the process of repairing previous unsustainable failures; and 
progressiveness, the practice of developing current and future development in a sustainable manner. It is clear there is a past, 
present and future aspect to sustainability, and in that, a clear aspect to manage it better. This research focuses on the 
management side of sustainability and in turn clearly fits into the education and progressiveness brackets considered. 
In recent years on a global societal scale there has been an amalgamation of sustainability related research into numerous fields 
of interdisciplinary studies and sciences. Manifest of this increase is evident from a rise in the number of publications and 
research related centres based on sustainability issues. The transition toward a sustainable level of development is mostly 
founded upon key components, from complex dynamic relationships, that issue from built societies (Srinivasan 1994). These key 
components umbrella a societal framework that incorporate an intertwined relationship with environmental, social and economic 
paradigms – referred to as a triple bottom line (TBL) (Foran et al. 2005). The idea of a complex dynamic relationship using a 
TBL methodology is an attempt to cover as much, if not all degrees of society for the purpose of considering each paradigm 
independent while still maintaining an inter-relationship with each of the other bottom lines. A TBL approach, for the purpose of 
measuring sustainability, integrated within a context of quantitative index-based methodologies is the founding linkage this 
research investigates. The use of quantitative sustainability has become an important methodological approach in undertaking 
such a task (Bithas and Christofakis 2006; Bithas and Nijkamp 2006; Imberger et al. 2007; Lee and Huang 2007). To calculate 
and measure this linkage the index of sustainable functionality (ISF) is applied (Cirella and Tao 2008). 
The ISF theory used in this study evolved from both qualitative and quantitative methodologies; some of these key research 
examples include the environmental sustainability index (Bithas and Christofakis 2006; Bithas and Nijkamp 2006; Imberger et al. 
2007; Lee and Huang 2007) the human development index (Samuel-Johnston and Esty 2001), the index for sustainable economic 
welfare (Kelly 1991; Sen 1985; 2000; United Nations Development Programme 1990), the gross happiness indicator (Royal 
Government of Bhutan 1999), the ecological footprint (Daly and Cobb 1989) and the genuine progress indicator (GPI) (Rees 
1992). Each of these concepts or indices, to some degree, was created to help problem solve failures within the realm of 
sustainability science; they all attempt to understand and better resolve relationships and interactions with our surroundings. The 
notion behind the ISF theory used in this study is that it is a piece of the knowledge puzzle that utilises aspects, ideas and 
methodologies from these earlier developments of sustainability-based concepts. Keeping this in mind, this study utilises an 
objective, quantitative multi-criteria method of examining and measuring sustainability in an attempt to promote concepts and 
recognition for better development within societies alike.  
Methodology 
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The project geography for this study is the State of Queensland, Australia; it is complementary to the more localised research 
done within the South East Queensland region of the State by Cirella et al. (2006; 2007; 2008). The project timeframe is 25 
years, ranging from 1980 to 2005, and is calculated via five year blocks. Recently, the State of Queensland emerged as one of 
Australia’s fastest growing populations; in turn, this demographic growth has accompanied booming economic and 
infrastructural development. This emergence presents an excellent scenario for the use of an ISF application. The methodology 
used for the ISF of the State of Queensland is designed around an engineering scope and matrix-based technique. It is a 
quantitative approach of calculating a measure of sustainability via adaptive means of using functional versus dysfunctional 
indicators that incorporate complex interactions recorded over time to establish a traceable record. The process of contributing 
and being able to adapt to these trends is fundamental the ability to act, or begin to act, in a sustainability-friendly manner 
(Cirella et al. 2007). The methodological design is founded on two main components: structure and mathematical formulation. A 
detailed breakdown of the structure and mathematical formulation methodologies can be found in Cirella and Tao’s (2008) 
manuscript, “Measuring sustainability: an application using the index of sustainable functionality in South East Queensland, 
Australia”. For reference purposes, to simplify the second component of the methodological design each of the variables in the 
structure methodology will be labelled with its associated computational variable(s) in brackets. 
Structure Methodology 
 The structure methodology is broken down into five steps (Cirella and Tao 2008). First, the region’s domain (D) and 
the spatial resolution within the domain, referred to as sub-domains (D
i
) must be defined. The domain of this study is the State of 
Queensland (D) and since it does not have any spatial resolution, it does not have any sub-domains. Second, the utilisation of the 
matrix-based technique, which labels systems (S) and perspectives (P) on opposite sides of a matrix (Table 1), is defined. The 
systems – natural, social, individual and economic – of the ISF of the State of Queensland are mechanisms of the domain which 
jointly relate to all aspects of the State’s sustainability. The perspectives – environmental, social and economic – follow the basis 
of the TBL approach which enable association and comparison on the basis of substance rather than on semantics (Hacking and 
Guthrie 2007). 
The third and fourth steps of the structure methodology are somewhat integrated, in that the third step identifies functions (F) and 
relating indicators while the fourth step establishes normalised indicators (I) for the purpose of measurement. A list of functions 
and relating indicators used for the ISF of the State of Queensland is included in Table 2. After the relating indicators’ data is 
recorded, normalised indicators are defined using upper and lower functional bounds. The functional bounds are assigned a value 
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between zero and one to establish a collective standard of measurement between the different scales and units from each relating 
indicator. 
Fifth, the implementation of weightings (W) and the aggregation of data are determined via the dual weightings approach. This 
approach integrates two phases: an expert panel and a community telephone questionnaire. The first phase examines the 
indicator-to-function and then the function-to-perspective relationships. The second phase incorporates a community viewpoint 
which is weighted against the perspective-to-system relationship. The community telephone questionnaire, conducted by the 
Griffith School of Engineering from 10 April 2007 to 26 May 2007, comprises of twelve questions that represent one of the 
twelve boxes in Table 1 of the cross-reference matrix. The questionnaires totalled 580 and come from the South East Queensland 
region only which encompasses rural and major urban areas and can be defined as a micro-sample of the State. Cirella and Tao’s 
(2006) technical report includes examples of the expert panel surveys and community telephone questionnaires. 
Data aggregation results in a weighted sum of indicators which allows for the calculation of the normalisation of functions. Once 
functions have been normalised the percentile weightings of the perspective-to-system notation is executed and the structure 
methodology process is complete. Figure 1 illustrates a stepladder course of action from the lowest level to the highest level 
variable of the calculated weight for each variable’s origin with the ISF model. If used, sub-indicator(s) have an equal 
distribution among their associated indicator; that is, they are added together or weighted equally among each other in association 
to the indicator they are representing.  
Mathematical Formulation Methodology 
The second component of the methodology breaks down the computational aspect of calculating each structured step to formulate 
the ISF record. The ISF of the  
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State of Queensland use formulae that first originate from Imberger et al. (2007) but have been significantly modified in a 
multitude of ways. The importance of these changes reflects the computational innovation of weightings at the indicator-, 
function- and perspective-level. The calculations of the dual weightings approach innovates upon the development of the ISF 
model and illustrates a novel approach to examining sustainability assessment.  
The ISF model uses a formula called the ISF equation, labelled as Eq. (1); for a complete list of formulae used to calculate the 
ISF equation see Cirella and Tao (2008). Table 3 illustrates the definitions of the variables used in this formula. Eq. (1) is a 
summation of each product of the functions (F) via normalised indicators and weightings. It should be noted, since no sub-
domains exist in this study, the value i = 1 represents the only domain value, that being, the State of Queensland.  
Results 
The results of the ISF of the State of Queensland are divided into various chronological findings. First, the results from the dual 
weightings approach are calculated from the expert panel surveys and the community telephone questionnaires. The expert panel 
survey results originate from the completed research done for the South East Queensland region (Cirella and Tao 2008). The 
community telephone questionnaire results are calculated from the twelve questions that have been summed together from the 
South East Queensland research to form combined weighted totals for each perspective-to-system relationship (Figure 2).  
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Second, the ISF record is calculated; the results incorporate the appropriate weightings for each of the five year blocks from 1980 
to 2005. In sustainability terms, the results show an overall intermediate level of functionality. The ISF of the State of 
Queensland details an increasing value of 0.429 in 1980 to 0.506 in 2005. Within the State, this is a functional percentile increase 
in sustainability of 17.94% over the recorded timeframe.  
Comparative Results 
7 
Comparative analyses of the results of ISF of the State of Queensland illustrate its potential useful as an emerging sustainability 
assessment tool. First, a comparison of the results from the two previous large-scale ISF studies, that being the ISF of South East 
Queensland (Cirella and Tao 2008) and the ISF of Western Australia (Imberger et al. 2007), confirm an Australian first and 
interest in the use of ISF theory (Figure 3). The ISF of South East Queensland closely relates to its State trend line for the whole 
of the 25 year record, showing similar intermediate trend lines in 1980 and slightly increasing together toward 2005. The close 
proximity of the ISF of the State of Queensland and the ISF of South East Queensland is no surprise since South East Queensland 
is partially the concluding ISF result of its State. The ISF of Western Australia is the first ISF record created and is formulated 
using the original ISF methodology (Imberger et al. 2007) which illustrates a slightly declining ISF trend line from 1980 to 2000. 
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Second, the results of the ISF of the State of Queensland can be compared against the GPI (Cobb et al., 1995) and the gross state 
product (GSP) – for reference purposes the population growth rate is also included (Figure 4). These three types of indices 
illustrate that from 1980 to 1990 all three follow a similar linear trend of stability; however, over the remaining 15 years from 
1990 to 2005 there are significant differences in performance. The GPI has a minor increasing trend line and somewhat parallels 
the ISF findings even though both are calculated and designed differently. The ISF method is quantitative in relation to 
consequences of expenditure rather than the GPI’s calculation of actual expenditure itself (Cirella and Tao 2008; Cirella et al. 
2007; Ranis et al. 2000). From 1990 to 1995 the GSP shows a percentage increase of 29.2% in economic expenditure and then a 
significant jump in the following decade from 1995 to 2005 of 110.5%. This skewed and inefficient increase demonstrates the 
GSP as a standalone economic-based measurement that does not measure sustainability due to over exaggeration of the economy 
and underestimation of environmental- and society-based matters. In terms of sustainability, the ISF’s integration with the cross-
reference matrix illustrates a clear view of actual affairs via functionality measurement. In terms of population growth rate, seen 
in Figure 4, the State of Queensland is facing a steady increase in population putting pressure on and demands for energy, natural 
resources and land usage. The ISF theory integrates these issues into its indexed record.    
Discussion 
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The idea that shapes the ISF theory emerged from an engineering viewpoint of examining sustainability assessment. As this is a 
very considerable task, it is the intention of this project and theory that further formulae analysis be conducted for future 
developments and project-specific initiatives. By examining the procedures used within the ISF of the State of Queensland, it is 
evident that the principle idea in defining sustainability is whether an action is functional or dysfunctional; these actions are 
related to perspectives, functions and indicators, and sub-indicator(s) if used. Based on this premise, this analysis process 
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acknowledges two types of data: datasets based on indicators, and sub-indicator(s) if used, to formulate functions and data from 
the weightings process, that being, from the expert panel and the community telephone questionnaires. The data from the 
weightings process utilises the formulated functions and is the basis for the formulation of the system-perspective cross-reference 
matrix. Figure 5 illustrates the weighted results of each variable; that is, each variable’s calculated result after the mathematical 
formulation methodology is applied. For the State of Queensland, this stepladder illustration is a defining methodological step in 
building or defining this sustainability assessment model. 
 An in depth look at the way the weighted system is structured, based on the twelve questions used in the community 
telephone questionnaire, indicates an association with its relating perspective. The questions, Q1 to Q12, in Figure 6 correspond 
to the perspectives in the system-perspective cross-reference matrix and correlate with Table 2. 
Concluding Remarks  
This study’s methodological design, via a quantitative approach, fundamentally innovates on several ISF concepts by offering a 
new view to defining a measurement of functionality for the purpose of measuring sustainability. In methodological terms, it 
should also be noted the project orientation is geographically-focused for the State of Queensland; though, the overall ISF theory 
should be transposable elsewhere given accessibility and availability to resources and data records. In sustainability terms, the 
results indicate that the functionality of the State is on a slow increase from a quarter century ago. This rise in functionality 
shows evidence of State-wide and Australian national interest toward the sustainability crisis. Still, some fundamental 
sustainability questions need to be asked to help solve continued signs of rapid degrading natural habitat, resources, planetary 
imbalance and societal breakdown – on all levels – on a global scale.  
The sustainability crisis is a daunting task; the slow, gradual process of understanding what needs to be done is in part the 
knowledge-base this study attempts to work from. The nature of the crisis is on a societal level construct; hence, before a shift in 
direction can be achieved the concept must be educated at a mass-level so future practices can become a part of day-to-day 
living. At the societal level, the ISF theory plays on this footnote since it measures functional and dysfunctional bounds which in 
turn are measurements of actions and choices modern civilisation is based from. From this outlook, it is hopeful a benchmark 
standard of living can be defined and improved upon for current and future generations.   
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